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Et for Radiolabding Protems with Yttriiun-90 
Field of the luventioii 

The present invention relates to kits and methods for radblabelmg proteins 
and peptides wift therapeutic radioisotopes such that these radiolabeled protems 
may be administered directly to patients without the need for additional 
purification. Suti kits and methods are particalarly q)pUcable to 1^^ 
and pq>tides with yttrium-90 (*Y). By optimizing the radiolabeUng protocol such 
that no furth^ purification of die radiolabeled protein is required, the present 
niventioa has satisfied a long-fidt need in die art by solvmg the persistent problem 
of how to provide yttrhm-Iabeled drugs in a user-friendly ftinnat such tiiat these 
drugs may be easily prepared and administered m the hospital or outpatient setting. 

Technology Backgromid 

All publications and patent applications herein are mcorporated by 
reference to die same extent as if each mdividual publication or patent application 
was specifically and mdividually mdicated to be incorporated by reference. 

Radiolabeled proteins, particularly antibodies, have beai undergomg 
evaluation for many years as potential diagnostic and dierapeutic reagents. Such 
reagents are tiiought to be particularly useful as cancer flierapeutics, now that 
researchers are begmning to identify tumor-specific antigens and cognate ligands 
or antibodies which bind to such antigens. By admmistering a radiolabeled ligand 
or antibody which has bindmg specificity for a tumor-specific antigen, coupled to a 
radioisotope tiiat has a short range, high energy and abundant particle emission, 
one has the potential to deliver a lethal dose of radiation directly to the tumor cell. 
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Depending on the particle range nf riip nartrmiar isotope, labels nny be 
chosen based on their suitability for targeting a particular type of cell. For 
instance, gamma emitters are generally used for diagnostic purposes, i.e., 
visualizing tumors, but are generally ineffecdve as Viliine agents. In contrast, 

5 alplm and beta eooitters may be used to effea cell killing. A^ha emitters may be 
particularly useful for blood-bom diseases or vascular tumors where they can 
achieve good penetration; although one particle emission in some cases may be 
enough to effect ceU killing, typically alpha emitter must be located right at the ceU 
surfece. hi contrast, beta emitters, i.e. , are particularly suitable for bulkier, 

10 more localized disease because they typically have a longer mission range. 

Yttrnrai-90-Iabeled antibodies and peptides in particular have shown 
encouraging results in clmical therapy protocols (Thomas et aL 1995. Gamma- 
interferon adminis tration after ^ radiolabeled antibody fher^y: survival and 
hematopoietic toxicity studies. M. J. RadiaL Oncol. Biol. Phys. 31: 529-534; 

15 DeNardo et al. 1995. Yttrium-90/Indium-lll DOTA peptide dmneric L6: 

pharmacokmetics, dosun^ and initial flierapeutic studies in patients vrith breast 
cancer., J. Nucl. Med. 36: 97P). Such conjugates are usually made by couplmg a 
bifunctional chelator to the protem or antibody, then conjugating the radiolabel to 
the protemconstruct via tile, biftmctional chelator. For mstance, copending 

20 applications 08/475,813, 08/475,815 and 08/478,967, herein incorporated by " 
reference, describe radiolabeled therapeutic antibodies for the targeting and 
destruction of B ceU lynqjhomas and tumor cells. Particularly disclosed is the 
Y2B8 conjugate, which comprises an anti-human CD20 murine monoclonal 
antibody, 2B8, attached to ^ via a bifunctional chelator, MX-DTPA. 

25 Patents relating to chelators and chelator conjugates are known in tiae art. 

For instance, U.S. Patent No. 4,831,175 of Gansow is directed to polysubstituted 
diethylenetriaminepentaacetic acid chelators and protein conjugates contaming the 
same, andmetiiods for their preparadon. U.S. Patent Nos. 5.099,069, 
5,246,692, 5,286.850, and 5,124,471 of Gansow also relate to polysubstimted 
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DTPA chelators. As described m TCnzaV et al. . sftvpral HTPA rh*»latincT 
including MX-DTPA, have been shown to be suitable for yttrium-monoclonal 
antibody radioimmunotherapy (1989. Nature of the bifimctional chelating agent 
used for radioimnmnotherapy wifli ytlrinm-90 monoclonal antibodies: Critical 
5 factors m determining in vivo survival and organ toxicity. Cancer Res. 49: 2639- 
2644). These refoeoces are incorporated herein in their entirety. 

Yttrium-90 is particularly suited for radioiromanother^y and radiopeptide 
ther^y for several reasons. The 64 hour half-life of *Y is long enough to allow 
antfcody accumulation by the tumor and, unlike e.g., "^I, it is a pure beta emitter 
10 of high energy (E max 2.27 MeV) with no accompanying gamma kradiation in its 
decay. It's particle emission range is 100 to 1000 cell diameters, whidi is a 
sufficiently minfmal amount of penetrating radiation that ouQ>atient administration 
would be possible. Furthermore, internalization of labeled antibodies is not 
required for cell killing, and the local emission of ionizing radiation should be 
15 lethal for adjacent tumor cells which might lack die target antigen. 

However, despite the recognized utility of yttrium-labeled antibodies and 
the encouraging clinical results with some yttrium-labeled therapeutics, many 
patients are deprived of die benefit these therapeutics might offer because of the 
inherent difficulties m conducting both the radiolabeling and administration at a 
20 single location. This significant problem is evident m the nearly complete void of 
kits and products which enable on-site labeling of reagents with alpha and beta 
emitting radioisotopes, which migjit otherwise demonstrate the commercial 
applicability of such technology. 

The problem with providmg kits for radiolabelmg and subsequent 
25 administration of fliCTq)eutics labeled with destructive isotopes appears to be the 
long-existing belief in the art that, before such therapeutics could be administered 
to a patient, an extensive purification process was required to remove unbound 
label so as not to expose the patient to free radioisotope which might accumulate in 
the bone and other non-target organs. Even those kits currently available for 
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labeling antibodies with yttrium require a complicated purificatinn step befDre the 
therapeutic is ready for administration. 

For instance, Antisoroa currently offers a kit for radiolabeling monoclonal 
antibody HMFGl (Theragyn®) with ^ for subsequent administration to patients 
who have been diagnosed with ovarian cancer. An extended phase I-II study 
demonstrated tbat this treatment may be particularly beneficial to patients as a 
follow-up to conventional surgery and diemothei^y (Hird et al. 1993. Adjuvant . 
therapy of ovarian cancer with radioactive monoclonal antibody. Br. J. Cancer 68: 
403-406). Yet Antisoma's labeUng method requires removal of unbound label by 
Sephadex G50 gel filtration, which is a significant deterrent to the Theragyn® 
labeling kit achieving commercial success, as well as an obstacle for ensuring that 
this flierapy is readily available for all ovarian cancer patients for whom it might 
serve to benefit. 

The fact tiliat such reagents currenfly require column purification before 
administration has been and will continue to be a major deterrent in their 
availability to all patients who could benefit from such technology unless a 
simplitied method is presented that allows physicians to quickly, efficiently and 
safely administer such reagents. For instance^ a doctor in an outpatient setting 
does not have the time or facilities to purify a reagent by HPLC or gel filtration 
chromatography before administering the reagent to his patient. This means fliat 
additional facilities must be available on site for concurrent production of the 
reagent and immediate delivery to the doctor, which drastically increases the cost 
of the therapy and in some cases might require a padent to travel a significant 
distance to receive tiie tiierapy. Alternatively, die drug could be labeled off-site, 
which would require prior prq)aration and at least a short-term storage of the 
therapeutic. This not only has the effect of decreasing die strength of the 
radioisotope through radioactive decay durmg storage, but also leads to significant 
damage to the structural integrity of the protein by overexposure to the 
radioisotope. 
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For instance, maiw rennrf? have d!SC!isscd the radiclytic naturs cf ^ asd 
similar radioisotopes (Le„ Salako et al. 1998. Effects of radiolysis on yttriim-90- 
labeledLym-1 antibody preparations. J. Nucl. Med. 39: 667-670; Chakrabartiet " 
al. 1996. Prevention of radiolysis of monoclonal antibody during labeling, I. Nucl. 
Med. 37: 1384-1388). As noted in Chakrabarti et al., radiomiclides such as ^ 
deliver a large amount of radiation to the antibody during flie labeling process as 
well as during storage. Radiation has reportedly led to instances of significant 
antibody damage, which can eUminate preferential targeting of tumor cells and 
expose non-target tissues to significant levels of toxicity. 

The mechanism for radiation damage has been attributed to the generation 
of free radicals (Pi2zardlo. 1975. Dkect and indirect action, h: Pizzarello and 
WitcofeM, eds. Basic Radiation Binlngy, 2"' ed. Philadelphia: Lea & Febger. pp. 
20-29). But as noted in Salako et al. , at an energy of 2.2 MeV, die beta particles 
emitted from ^ could easily break most chemical bonds including the disulfide 
bridges of an antibody, which have a bond strengtii of only 4.4 eV (Skoog. 1985. 
Principles of InstniTnental Analygig, 3"* edition. San Francisco: Saunders). Thus, 
the shorter the amount of time that the proteiu to be labeled is exposed to 
destructive radioisotopes such as die better die chances will be tiiat the protein 
will maint a in the structural mtegrity and binding specificity it requires to interact 
wifli the target antigen iq) until the time it is administered and reaches the target 
site. 

The radiolytic nature of ^ has been known in the art for years and many 
have tried to solve the problem ^ presents in the commercial application of these 
therapeutics. For instance, bodi Salako et al. and Chakrabarti et al. evaluate the 
use of radioprotectants in ^-labeled antibody preparations as a means to decrease 
damage to the antibody. Salako et al. m particular reported that human serum 
albumin enabled maintenance of ^-labeled antibody nnmunoreactivity for up to 
72 hours. However, tiie specific activity exhibited by Salako's preparations was ' 
ratiier low (less ±an 2 mCi/ml). Moreover, neither Salako nor Chakrabarti report 
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any effort to forego the extensive purificatioa orocesses reouired after antihadv 

- «. ^ 

labeling. SaMo etal. labels for a period of 45 minutes to an hour, then pu^ 

the antibody by molecular sieve chromatography, whereas Chakrabarti labels for 

nearly three hours and purifies by gel filtradon chromatography. Neither of these 

5 methods will be instrumental m bringing '^-labeled therapeutics to the out-patient 

setting. 

Chinol and Hnatowich were able to achieve 90% radiochemical purity for 
*Y-labeled protems wifli specific activities rangmg from 1-3 mCi/mg absent post- 
labeling purification, using flieir own generator-produced ^ (1987. Generator- 
10 produced yttriuni-90 for radiommunotherapy. J. Nucl. Med. 28(9): 1465-1470). 
However, the authors e^essly discourage administermg preparations having less 

than 95 % purity to patients, and suggest that HPLC may be an moportant and 
"possibly essential" step. 

Those who have recognized that HPLC and other types of purification nmst 

15 be eliminated in ,the outpatieat and hospital setting have not succeeded in 

developing a sufBcient labeling protocol for ^ such that a high level of label 

incorporation is achieved and an acceptable level of antibody stability is 

mamtained. If a high level of radiomcorporation is not consistenfly achieved, the 

patient could be eq)osed to unacceptable levels of free non-bound radiolabel if tius 

20 label is not purified away from the reagent. Moreover, again, if antibody 

structural integrity is damaged such that die antibody loses target specificity, such 

reagents will not bmd specifically to their cognate ligands. 

Matiier and colleagues set out with the purpose of labeling tumor-specific 

antibodies witii ^ m a manner such that post-labeling purification could be 

25 avoided (1989. Labeling monoclonal antibodies with yttrium-90. Eur. J. Nucl. 

Med. 15: 307-312). However, Madier found tiiat high labeling efficiencies (over 

95%) could only be achieved at modest specific activities (1 mCi/mg). Moreover. 

Mather et al. reports that their antibody preparations showed signs of breakdown 

(due to radiolysis) after only a few horns. This may be because Mather et al. , as 
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do many Others ia the field, conducted their labeling reacrinn over a penod of one 
hour. 

For exmplt, there have been methods proposed for labeling protein 
reagents wifli less destrucdve labels such as "'h which forego additional 

5 purification steps. Richardson et al. propose such a procedure for labelmg 
antibodies wifli "'In with the goal of facilitating a kit format for diagnostic use 
(Richardson et al. 1987. Optimization and batch production of DTPA-labeled 
antibody khs for routine use ia '"In immnnosdnlDgr^hy. Nud. Med. Comm. 8: 
347-356). However, the labeling method proposed in Richardson et al. is 

10 conducted over a period of one hour, which might be feasible wifli '"In whidi is 
not very radiolytic, but does not appear to be amenable to »Y labelmg ^Hcations 
as evidenced by flie difficulties rq)orted in Maflier et al. 

This brings us to the surprismg and unejipected advantages of the present 
mvention, whidi provides ravaluable insigjit into die process of radiolabeling 

15 proteins with »Y which has not been yet been recognized by others in the art. 

Surprisingly, die present mventors have found that die processes of HPLC or other 
purification steps fliat odiers have long thought to be necessary to achieve pure 
reagent, and die lengthy incubation times which ofliers have adopted in an effort to 
increase die specific activity of tiien reagents, are actually detrimental to die 

20 process of preparing '^Y-labeled reagents. Such time-inclusive processes serve 
only to increase die damage to the protein due to radiolysis, leading to less 
specificity and an mcreased rate of protein degradation by die time die radiolabeled 
protem is ready for injection. Surprisingly, die present inventors have found dial 
efficient labeling with '"Y (>95% incorporation and at least 15 mCi/mg specific 

25 activity) can be accomplished in as little as two to five minutes, and m fact sudi 
labeling loses iis efficiency as reaction times are mcreased beyond even eight 
minutes. 

The feet fliat labelmg wifli »Y may now be achieved by die methods of die 
present invention m as Me as two minutes will completely dissolve die cmrent 
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slcenticism in thet fipiri tnwaH tli/* onnlinoi^n 

A — f V j fcM.*i*jLLi luuiuicuywjJXLg JiUa ill 

hospital and outpatient settings. The kits of the present invention will therefor 
finally satisfy the long felt need fliat has peih^s been recognized by many cancer 
patients and doctors alike with regard to the commercial applicability and 
5 accessability of protein-based, radiolabeled cancer therapeutics. 

Summary of the Inveatioii 

The present mvention concerns methods and kits for radiolabeling a 
chelator-conjugated protein or peptide witii a tiierapeutic radioisotope for 
administration to a patient. The methods of tiie present mvention essentially 

10 comprise (i) mixing the chelator-conjugaied protein or peptide with a solution 
comprising the radioisotope or a salt thereof, and (ii) incubating the mixture for a 
sufBcient amomit of time under amiable conditions such fliat a radiolabeled protein 
or peptide having sufficient purity, i.e., level of radiomcorporation, specific 
activity and binding specificity is achieved such that the radiolabeled antibody may 

15 be administered direcfly to the patient without farther purification. 

The kits of the present invention essentially comprise (i) a vial contammg 
chelator-conjngated protein or peptide, (ii) a vial contaming formulation buffer for 
stabilizmg and administering flie radiolabeled antibody to a patient, and (iii) 
instructions for performing flie radiolabeling procednrCj such tiiat 

20 when the chelator-conjugated protein or peptide is ejqposed to the radioisotope or a 
salt thereof for a sufficient amount of time under amiable conditions as 
recommended in said instructions, a radiolabeled protein or peptide having 
sufficient purity, specific activity and binding specificity is achieved such that die 
radiolabeled antibody may be diluted to an appropriate concentration in said 

25 formulation buffer and administered direcdy to the patient without further 
purification. 

Brief Description of the Drawmgs 
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FiffUre 1. SR cells wf*rft orncVipH anH r»oiic»nan/4a/i nn V in6 -_it- f„T 

w t — — — *ww»*m|^w*a»*w»* >u ^ iv uciiay III! ^ 

With dilution bufier (IX PBS, pH 7.4 containing 1% (w/v) bovine serum albumin. 
Increasing concentrations of cells were incubated for 3 h witii 2 ng/mL Y2B8 
prepared using 2B8-MX-DTPA lot #0165A. B) Double-inverse plot of ceU 
concentration vs. bound radioactrvily/total radioacdvity (B/AT). Immnnoreactivity 
was calculated as 1/y-intercept x 100. Immunoreactivity and correlation 
coefBcient (R) values were 72.2% and 0.999, respectively. 



Detailed Description of the Invention 

Unless defined otherwise, all technical and scientific terms used herein 
have the same meaning as commonly understood by one of ordinary skill in the art 
to which this invention belongs. Although any methods and materials similar or 
equivalent to those described herein can be used in the practice or testing of the 
present invention, the preferred methods and materials are described. 

The present mvention faicludes a mefliod for radiolabeling a chelator- 
conjugated protem or peptide with a therapeutic radioisotope for administratipn to 
a patient comprising (i) mixing the chelator-conjugated protein or peptide with a 
sohition comprising die radioisotope or a salt thereof, and (ii) incubating the 
mixture for a sufficient amount of time under amiable conditions such that a 
radiolabeled protein or peptide having sufficient purity, i.e., level of 
radiomcorporation, specific activity and bindmg specificity is achieved such that 
the radiolabeled antibody may be administered direcfly to the patient without 
furflier purification. "Further purification" includes HPLC, gel filtration, oflier 
types of column chromatography and any other separation technique which is 
anployed witii the purpose of removing free or bound unconjugated radiolabel. 

The meflicds of die present invention are particularly appUcable to 
tiierapeutic radioisotopes which are typically radiolytic and therefor potentially 
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dangerous to the structural integrity of the protein. Such therapeutic radioisotopes 
are generaUy selected from the groiq> consisting of alpha and beta Knitters. 
Preferred flieK5)eutic radionndides include ™Pb, ^"^b ^"Bi ""Pd "Cu, "Cu "Y 
^Br."'At."Ru,"»Rh.'«Auand»»Agor'"Lu. Other radionuclides which have 
5 therapeutic utility are described in U.S. Patent 5,541,287, herein incorporated by 
reference. Particularly preferred radionuclides are strong beta radiation emitters 
which may cause mtramolecular decpmpositian, such as **Y, '"Cu, '^'Re and 
"»Re. Although a "therapeutic" radioisotope generally refers to radioisotopes such 

as beta and ganmM emitters which have a cytotoxic affect, to the extent that such 
10 radioisotopes may also be used for diagnostic puiposes, such purposes do not 
remove these isotopes from the scope of the present invention because it is the 
radiolytic nafiire of these isotopes which renders than suitable for the disclosed 
methods and kits. 

The methods of the present invention may be used to label proteins or 
15 peptides, particularly those where structural integrity must be mamtamed for target 
specifichy. Preferred proteins are antibodies or antibody fragments, such as Fab, 
(Fab)2, and Fv fragments, whidi recognize ttnnor specific or ttmor-associated 
antigeais. Preferred peptides include somatostatin, vasokitestinal peptide (VIP), 
substance P and others which buid to cellular receptors. Such peptides and 
20 chelator-conjugated derivatives of such peptides are disclosed in U.S. Patent No. 
5,830,431, herem incorporated by reference. 

A "sufficient incubation time" as referenced m. die methods of tiie mvention 
is the acceptable time range during v?hich sufBcioit radiomcorporation and 
radiodiemical purity are achieved such that the reagent may be administered 
25 directly to a patient without die need for ftrther purification. Sufficient 

radiomcorporation and purity is generally recognized m flie art to be at least 95%, 
but may vary depending on die toxicity of the label. It should also be apparent to 
those of skill in die art tiiat flie extent of radioincorporation considered to be 
sufficient is also a function of the desired level of efficacy. For and 
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particularly the ^-labeled antibodies of tbe present invention, such sufficient time 
may be generaUy less than about eight minutes, and more preferably between 
about two to about five minutes, given an amenable molar ratio of chelator to 
protein in die chelator-conjugated protein to be labeled. 

5 It should be apparent to those of skill in die art fliat the optimum time 

required for labeling a specific protein may vary depending on the protein, the 
particular radiolabel and die particular conjugate employed. An underlymg factor 
m the optimization of die time allotted for radiolabelmg is die chelator to protein 
ratio of die reagrat whidi is to be labeled. For instance, die chelator to protein 

10 ratio must be high enou^ to achieve a dierapeutically useful level of 

incorporation, i.e., 95%, but must also not be too higji such diat die structural 
integrity or iminunoreactivity of the protein is compromised. This requires a 
certain balancing process tiiat in some cases may lead to a lower level of 
conjugated chelator and longer labeling time. 

15 For mstance, die present mventors have discovered diat labeliog with ^ to 

die desirable level of purity may be accon5)lished m under five minutes using MX- 
DTPA as a chelator and only about a IVi to 1 molar ratio of chelator to antibody. • 
Alfliougji the chelator to antibody ratio could actually be increased, this was not 
necessary because a desirable level of radioincorporation and specific activity was 

20 achieved after a short labeling period. Given diis discovery, parameters such as 
chelator to protem concentrations could be readily determined by empirical means 
by diose of skill in the art for other proteins and peptides, depending on die 
tiierapeutic label of choice, the choice of chelator the number of sites available for 
chelator attachment, susceptibility of the protein to radiolysis, desired level of 

25 efficacy, etc. 

Any bifunctional chelator may be used in die mediod of the present 
invention so long as it is capable of binding to bodi die protein and radioisotope of 
interest. Preferred chelators may be selected from die group consisting of MX- 
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DTPA. phenyl-DTPA, benzyl-DTPA, CHX-DTPA. DOTA and derivatives 

thereof. A particdarly preferred chelator is MX-DTPA. 

"Amiable conditions" as referenced in the present methods include 

acceptable tenq)erature, pH and buffer conditions. It should be apparent to those 
5 of skill in the art that reaction conditions should not be chosen that are inhibitory 

or otherwise not conducive to the labeling reaction. Lewis et al. discusses reaction 

conditions to be considered when radiolabelmg nnmnnoconjugates, and is herein 

uicorporated by reference (1994. A fecile, water-soluble method for modification 

of proteins with DOTA. Use of elevated temperature and optimized pH to achieve 
10 high specific activity and high chelate stability in radiolabeled imnmnoconjugates. 

Bioconjugale Chem. 5: 565-576). 

An acceptable tenq)erature for the reaction may vary depending on the 

protein to be labeled, but in general ranges from about 25°C to about 43°C. 

Lewis et al. have found that mcreasing the tenqjerature of the radiolabeling 
15 reaction from 25 °C to 43 °C mcreased both the efficiency of radiometal 

mcorporation and the kmetic stability of the DOTA radioconjugates examined. 

An acceptable pH may vary considerably depending on the radiolabel to be 

used. The recommended pH for labelmg with different radionuclides is generaUy 

known in the art and may be chosen accordingly m view of the radioisotope. For 
20 instance, for an acceptable pH may range from about 3 to about 6, but is more 

preferably about 4.2. 

Acceptable buffers will also vary dependmg on the particular radiolabel. 

For instance, Lewis et al. and others have found that the presence of citrate 

inhibits labeling reactions with ^. Thus, citrate buffer would not be appropriate 
25 if the ^ were die chosen radiolabel. When labeling with the preferred buffer 

is an acetate buffer, and more particularly a sodium acetate buffer at a 

concentration of between about 10 and about 1000 mM. 

If it does not inhibit or otherwise adversely affect the labelmg reaction, it 

may also be possible for a benign (non-adverse) radioprotectant to be included in 
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the reaction buffer. According to Chakraharti. ascnrhic- acid is one such 
ladioprotBctant which does not interfere wifli the labeling process. Caution sliould 
be exercised, however, when enq)loymg hranan serum albunnn in the labeling 
reaction due to the presence of metals which would interfere with the labeling 
5 process. 

Because the present mvention concerns ladiolabelmg protems with 
particularly radiolytic isotopes, there may be a certain balance between bindmg 
specificity and specific activity tiiat the skiUed artisan may encounter when 
practicing the noethods of the present invention. For instance, when specific 

10 activity is very high (i.e., suitably over 5 mCi/mg, preferably over 10 mCi/mg and 
more preferably over 15 mCi/mg), a proton construct havmg the desired bindmg 
specificity will have a significant Idllmg capability at the region of the tumor. 
However, the portion of protems in the population as a whole which retam their 
immunoreactivity may be lower tiian a population having a lower specific activity 

15 duetoradiolysisoftheradiolabel. Dependmg on die desired level of specific 
activity, tiie skilled artisan may choose to co^^)romise a catain level of 
unmunoreactivity. 

For mstance, the present mventors have found that, with *Y, when an 
antibody is labeled to a specific activity of about 15 mCi/mg, the binding 

20 specificity or immunoreactivity of tiie protem is generally at least about 70%. 
This of course may vary depending on tiie sensitivity of tiie antibody and flie 
radiolytic natore of tiie radioisotope employed, and may be manipulated by the 
skilled artisan if a higher level of immunoreactivity or specific activity is desired. 
The present mventors have achieved specific activities wifli »Y of up to about 20 

25 mCi/mg. Bindmg specificities of at least 50% are desirable for flierapeutic 
applications. 

Copending applications 09/ and 09/ , co-owned and 

submitted concurrentiy herewifli, disclose binding assays which may be used to 
assess die percent bindmg afiinity and inmnmoreactivity of conjugates after 
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labelinff if de55TraWe. Tt shnnM f>P^ 

required after the labding methods Of the present mventioo, a TLC-b^^ 
verify the level of radiohicorporation should always be perfonned so as not to 
jeopardize the health of the patient. Such an assay can be performed in about 3-4 
5 minutes, and should not significantly affect the stability or efficacy of die 
radiodierapeotic. 

The present invenlioji also includes kits for radiolabelmg a chdator- 
conjugated protem or peptide xvith a flierapeutic radioisotope for admhiistration to 
apatient comprismg (i) a vialcontaining chdator-conjugated protem or peptide, 

10 ® a vial containing formulation buffer fior stabilizing and administeri^ 
radiolabeled antibody to a patient, and ® instructions for performmg the 
radiolabeling procedure, such that when die chelator-conjugated protein or peptide 
is exposed to the radioisotope or a salt thereof for a sufficient amount of time 
under amiable conditions as recommended in said mstructions and described 

15 further above, a radiolabeled protem or peptide having sufficient purily, specific 
activity and bindmg specificity is achieved such that the radiolabeled antibody may 
be diluted to an appropriate concentration m said formulation buffer and 
administered directly to die patient widiout further purification. Said chelator- 
conjugaiEd protein or peptide may be sqjpUed m lyophilized form. 

20 It should be understood fliat the lots of the present mvent are designed to 

accomplish the methods described herein and may flierefor be used for that 
purpose. Accordmgly, it should be parent to those concerned when reading the 
invention that die kit instructions will be based on the methods described above, 
and that the considerations addressed above have die same relevance and meaning 

25 when considered in view of the kit embodhnent. Additionally, it should be 

apparent upon readmg the disclosure as a whole that alternative kit embodunents 
are encompassed in the present mvention which may contain components such as 
an acetate buffer for adjusting die pH of the radiolabel as described above. 
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- » ««.<r«ii«.5uoui» wmpuuciii 01 uic ja[ IS me lonmianon bufier' 
for stabilizing against the effects of radiolysis and administering flie radiolabeled 
conjugated antibody to a patient The fommlation buffer is a pharmaceutically 
acceptable earner which serves as boHi a dihient for the labeled antibody and an 
administration buffer. Although any phaimacenticany acceptable dihient may be 
used for administering ther^cntic or diagnostic antibodies to patient, the 
formulation buffer of the present invention is particularly suited for administering 
radiolabeled antibodies. 

For mstance, the formulation buffer of the present mvention conq)rises a 
radioprotectant such as human serum albumin (HSA) or ascorbate. which minunize 
radiolysis due to yttrium and other strong radionuclides. Odier radioprotectauts 
are known m the art and could also be used m the formulation bufer of the present 
invention, i.e., free radical scavengers (phenol, sulfites, glutathione, cysteme, 
gentisic acid, nicotuiic add, ascoAyl pahnitate, H0P(:O)Hj, glycerol, sodmm 
15 formaldehyde sulfoxylate, NajS^Oj, NajSjOj. and SOj, etc.). 

The formulation buffer of the present mvention also conprises excess 
unconjugated chelator. The purpose for hidndmg unconjugated chelator is that 
this chelator serves to scavenge any non-protein bound radiolabel in the patient, 
and causes excretion of flie radiolabel therd)y reducing intake of "bone-seeking" 
20 isotopes, i.e., by the bones of ibe patient For mstance. when the antibody of 
the kit is conjugated to a DTPA chelator, excess DTPA or any other chelator may 
be included m the formulation buffer. The fonnation buffer is also preferably 
suppUed in a volume such tiiat the entire contents are transferred to the reaction 
vial. As discussed above, this results in mcreased ease of use and reproducibility 
25 because exact volumes do not have to be measured and transferred. 

A preferred formulation buffer comprises phosphate buffered or 
physiological salme, human serum albumin and DTPA. The human serum 
albumin is prderably at a concentration of between about 5 to 25% (w/v), and 
more preferably at a concentration of about 7.5% (w/v). The concentration of 
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DTPA is prefisrably about 1 mM. Ascorbate may be used as an altprnariw to 
human serum albumin, and is typically used at a concentration of about 1 to 100 
mg/ml. Alfliough a wider range of concentrations may be used witliout 
compromising patient safety. 

The kit may be supplied in other alternative embodiments depending on the 
preferences of the purchaser. For instance, the kit may fimher comprise a sterile 
reaction vial m which the labelmg reaction and dilution into formulation bufier 
may bofli be performed. Further enibodimeuts are envisioned whereby the buffer 
for adjusting the pH of the radiolabel is supplied m the actual reaction vial to cot 
down on waste. Also envisioned are kits which further comprise a vial of 
radioisotope, although it may be more feasible to order the labeling kit m advance 
and order the radioisotope sq)arately at a later time just before administration. 
Also envisioned are kits which conqirise a vial of secondary protem or peptide to 
serve as either a control in assessing the bindmg afBnity of the radiolabeled 
15 product, or in some cases to be employed in a combined therapeutic regimen with 
the radiolabeled protem or peptide. 

Detailed Description of the Preferred Embodiinents 

A *Y-labeled murine monoclonal anti-CD20 antibody (Y2B8) is cunentiy 
being evaluated m cluneal trials for the treatment of rel^sed B-ceU lymphoma. 
The 2B8 antibody is a murine antibody which recognizes hnrnan CD20. The 
chimeric version of this antibody (Ritnxan*) has recently received FDA approval 
for the treatment of non-Hodgkm's lymphoma. U.S. Application Serial No. 
08/475,813, herein incorporated by reference, discloses sequential admmistration 
of Ritnxan» with yttrium-labded muime monoclonal antibody in a combined 
25 therapeutic regimen, wherein administration of the yttrium-labded anti-CP20 
antibody following administration of Rituxan* is sufficient to (a) clear any 
remaming poipheral blood B cells not cleared by the chimeric anti-CD20 



20 
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depletion from other tissues. 

Thus, given ±e proven efficacy of an wd-CDTQ antibody in the treatment 
of non-Hodgldn*s lyn5)homa, and the known sensitivity of lymphocytes to 
radioactivity, it would be highly advantageous for such therapeutic antibodies to 
become commercially available in kit fbnn whereby they may be readily modified' 
with a radiolabel and administered directly to the patient in the clinical setting. 

A radiolabeling kit for the 2B8 antibody is preferably comprised of fom: 
components: L) 2B8-MX-DTPA in low-metal normal saline at 2 mg/mL, 2.) 50 
mM sodium acetate used to adjust radbisotope solution to appropriate labeling pH, 
3.) formulation buffe (IX PBS, pH 7.4 containing 7.5% HnmaTi serum albumin 
and 1 mM DTPA), and optionally, 4.) an empty 10 mL glass vial (reaction 
vial)(a *10 mL" reaction vial actually holds 10 mL comfortably, and is technically 
somewhat larger flian "10 mL"). All components are tested to be sterile and 
pyrogen-free. 

This section summarizes the validation of this radiolabeling kit which is 
simple and easy to use and which yields radiolabeled antibodies with ^95% 
radioincorporation and acceptable retention of binding to antigen-positive ceUs. 
An evaluation of experimental parameters affecting binding and radioincorporation 
was also conducted. 

Example L Radiolabeling Kit and Method for LabeBi^ 2B8 with ^^Y 

A. Reagents in Radiolabeling Kit 

1. 2B8-MX-DTPA. IDEC; Lot# 082395RM2 

2. 50 mM Sodium Acetate, low-metal, IDEC; Lol# 082395RM3 

3. Formulation Buffer (IX PBS, pH 7.4 containing 7.5 % (w/v) liunan serum 
albumin and 1 mM DTPA), ©EC, Lot# 082395RM1 

4. Reaction vial, 10 mL, IDEC 
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1 . Biodex Tec-Control Radioincoiporation Kh, Cat.#15 1-770 

2. Gloves: powder-free 

3 . Sterile polypropylene syringes 

4. Sterile syringe needles 

5. Small tubes with dosure; 1.5 ml 

C. Methods 

1. Preparation of Y2B8 TL^ing ff.diabMin^ ii^^t 
Kit reagents were prepared and filled into glass septum vials. Type I 
borosilicate vials (2 or 10 mL) were rinsed with sterile water for injection (WFI) 
and autoclaved before filling. Butyl rubber septa were rinsed with sterile WH and 
antoclaved before use. Reagents were manually filled and crimped in a Class 100 
room and tested for pyrogenicity and sterility using USP methods. 

Additional Reagents: 

1. Yttrium-pO]: chloride salt, carrier-free, in HCL 
Precautions: 

1. All stqps should be perfomaed using aseptic technique. 

2. Radiolabeling kit conqjonents should be allowed to come to room 
temperature before use. 

Radiolabeling protocol 

1. The volume of ^Clj to add to the reaction vial was calculated as follows: 



a. The radioactivity concentration at the time of radiolabeling : 
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manufiacturer's Certificate of Analysis). 

At = Change in time (positive number is post calibration, negative 
number is pre calibration). 



Radioactivity ConcentratioE at time of labeling = 

,0.0108{At) 

b. The volume of ^Clj to add to tiie reaction vial: 



= Volmne added to reaction vial 

10 Radioactivity Concentration 

time of labeling 

2. The volimie of 50 mM sodium acetate to add to the reaction vial was 
calculated as follows: 

a. For ^Clg in 0.040 M Ha (Amersham): 

15 Volume ^Clg (Step lb) x (0.8) = volume of sodimn acetate to add 

b. For «*YCl3 in 0.050 M HCl(Nordion): 

Volume ^Clj (Step lb) x (1.0) = volume of sodium acetate to add 



3 . The septa of the reaction vial and the sodium acetate vial were wiped with 
alcohol. Using a Icc syringe, the calculated volmne (Step la or lb) of 50 mM 

20 sodium acetate (Step 2) was transferred to the reaction vial. The vial was mfaced 
by inverting several times. 

4. The septum of the ^Clj source vial was wiped widi alcohol. The vial 
with a needle fitted with sterile 0.2 m filter. Using a Icc sterile syringe, was 
vented the required volume (Step lb) of ^Clg was transferred to the reaction vial. 

25 The vial was mixed by inverting several times. 
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5. The septum of the 2B8-MX-DTPA vial WnQ Wrnprl mth air* aIiaI TTn;*^,* « 

3cc Sterile syringe. 1.5 mL of 2B8-MX-DTPA was transferred to the reaction vial. 
The vial was mixed by inverting several times. 



6. The. total volmne of reaction mixture was calculated by adding the amount 
5 of Y-90 chloride added (Step 4), plus the amount of 50 mM sodium acetate added" 

(Step 3), plus the amount of 2B8-MX-DTPA added (Step 5). 

7. The volume of Formulation Buffer to add to the Reaction Vial to obtain a 
final volume of 10 mL was calculated by subtracting the"total reaction volume 
calculated in step 6 from 10. 

10 8. The Formulation Buffer vial was wiped widi alcohol and flie vial was 

vented. Due to the viscosity of the Fommlatidn Buffer, the reaction vial using a 
needle fitted with a 0.20 /an syringe filter. Using a lOcc sterile syringe fitted with 
an appropriate gauge needle, the volume of Formulation Buffer calculated fai Step 
7 was transferred to the reaction vial. The vent needle was removed from the 

15 reaction vial and the vial was mixed by mverting several times (Fmal Product). 
The vial was incubated at least 5 minutes prior to doing the "Radioincorporation 
Assay". The color of the solution was amber and die reaction vial was fiill thereby 
confirming that Formulation Buffer was added. 



9. The total radioactivity of tiie Fmal Product vial was measured using die 
20 appropriate instrumentation set fi)r measurement of *Y. 

10. The Final Product was immediately stored at 2" - 8°C until required for 
patient administration. 



2. Radioincorporation Assay 
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Percent radioincorporation was detmnined bv injrtriiif thmJa^^^ 

^ J — 

chroiiiatogrq)hy (TTLC) using the Biodex Tec-Control Radiochromatographic Kit • 
according to the following protocol: 

Additional Materials and Equqment: 
5 1. '^^HadioIabeledlBg-MX-DTPA 

2. Tubes for counting radioactive TLC strips 

3. Scissors 

4. Sterile syringe, 1 cc 

5. Sterile needles, 26G 

.0 6. Gamma counter or scintillation counter 
7. Kpettor 

Procedure: 

1 . The entire Biodex Operation Manual should be read first. 

2. Eadi radiolabeled san^le in triplicate was tested according to kit 
15 mstructions; one strip per vial was developed, 

3 . To spot the radiolabeled sample on the chromatography strip, a pipettor 
was used to spot 1 /lion the origin line. Alternatively, one smaD drop dispensed 
firom a 26G needle attached to a sterile Icc syringe may be spotted. Theantibody 
remains at the origin, and unincorporated «»Y-DTPA moves with the solvent front. 

10 4. Each section was counted for activity usmg an appropriate counter, i.e.. a 
scintillation counter for *Y, adjusting for background. 
5 . The Biodex instructions for calculating the percentage of radiolabeled 
antibody were followed. 



25 



3. Pinding Assa; 
Additional Reagents 
1. ^8-MX-DTPA 
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2. Lyophilized cells - 

Hie human ceU lines SB (CD20-positive) and HSB (CD20-negadve) were 
obtained ftom American Type Culture Conection and cultured in T-flasks using 
RPMI-1640 containing 10% fetal bovine serum supplemented widi 2% gtatamine. 

5 Cultures were maintained at ay-C and 5% COj. Cells were typically split 1:2 
every other day and harvested at 0.5-2.5 x 10* ceHs/mL and viabiHty's >80%. 
Cell concentrations were determined using a hemacytometer and viability 
detennined by trypan blue exclusion. 

Cells were harvested at ambient tenqjeratore at a cell density of 0.5-2 X 10* 

10 cells/mL by centrifegation (1300 ipm in a Sorvall centrifuge) and washed twice 
with IX BBSS. PeUeted ceUs were resuspended to 50 x 10« cells/mL in IX BBSS 
containing 1% (w/v) bovine serum albnnmi (BSA) and 10% (w/v/) mannitol 
Cyophilization buffer), 0.5 mL dispensed into 1.5 mL polypropylene microfuge 
tobes with o-ring gaskets and stored at - 70»C, and lyophilized overnight at 30 - 60 

15 milliton. Tubes of lyophilized cdls were stored desiccated at 2 - 8° C and 
reconstitnted in sterile water for assays; tubes of cells lyophilized in microfuge 
tubes were stored with desiccani. 

3 . Sterile water for irrigation or sterile water for injection 

4. Dihition buffer {IX PBS, pH 7.2 - 7.4 containing 1 % Bovine Serum 
20 Albmmn (BSA) , and 0.02% Sodium Azide) 

Procedure: 

Radiolabeled antibody sacqile prep 

1. The radiolabeled antibody stored at 2° - 8°C was obtained. 

2. A volume of 10 mL was withdrawn widi a P20 and added to a 1.5 mL 

25 nJicrofiige tube containing 990 /zL of DUution buffer (1: 100 dDution). The 

tip was rinsed and the tube was vortexed slightly. 

3 . A 50 mL sterile polypropylene Uibe with cap was obtained and 10 mL of 
Dilution buffer to the tube, using a 10 mL serological pipette. 
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4. A volume of 35 uL was withdrawn with a p2Q0 from the 1:100 dihitios 
tube and added to the conical tobe containing 10 mL of Dilution buffer. 
Mix thoionghfy. 

Lyopkaized Cdl Prep 
5 1. Three tabes of lyophilized SB Cells were obtained. 

2. A volanoe of 0.5 mL of SWH was added to each tube, and the tubes were • 
vortexed until smgle cell suspensions were obtained. 

3. Three empty 1.5 mL microfuge tubes were obtained; to three of die tubes, 
0.5 mL of Dilution buffer was added, representing a control with no cells. 

10 Assay Protocol 

A volume of 0.5 mL of flie diluted »Y2B8-MX-DTPA was added to each 



1. 
tube. 



15 3. 



20 6 



2. The tubes were placed on end over mixer for 45 minntes, after making sure 
caps are securely tightened. 

After 45 nrinntes incubation at ambient temperature, the cells were peUeted 
by miaocentrifligation for 5 minutes. 

4. A volume of 0.8 mL of the supernatant was transferred to sdntiUation 
vials. 

5. Scurtillation cocktail was added to each vial. 
The amount of radioactivity in each vial was determined using a 
scintillation counter, adjusting for background. 



D. Resute 

Reproducibility and ruggedness of die radiolabeling protocols, for Y2B8 
was evaluated by performing several validation runs usmg different lots of each 
25 radioisotope. Six validation lots each of Y2B8 were prepared by five operators. 
These lots were designated as foUows and perfbmied at the following feciHties: 
#1: IDEC Pharmaceuticals 
#2: IDEC Pharmaceuticals 
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#3: IDEC Phannaceiiticjils 
#4: MD Afldersoa Healfli Center 
#5: Mayo Oinic 
#6: City of Hope 

5 The results of testing on eadi validation lot are smnmarized in Table 1. 

Table 1. Rdease Assay Results for Y2B8 Validation 



10 



15 



1 
2 
3 
4 
5 
6 



99.5 
99.3 
99.4 
99.2 
99.2 
96.3 



Mean = 98.8 Mean = 82.3 

Standard Deviation = 1.24 
% CV = 1.25% 



78.6 
87.0 
85.9 
81.8 
79.6 
80.8 

Standard Deviation = 3.4 
CV = 4.2% 



For tlie six validation lots prepared, flie percent binding obtained was io the 
ranged ftom 78.6% to 87.0S^wiaianieanof82.3%. Radioincoiporation values 
for Y2B8 averaged 98.8% (range of 96.3SS to 99.5%). Togetiier, these results 
20 confirm the reproducibility and ruggedness of flie radiolabeling kit methods for 
preparation of Y2B8, and together indicate that Y2B8 prepared using this 
radiolabeling kit are suitable for use in the dinical setting. 

Example 2. Initial Evaluation of the Reaction Parametors - pH and reaction 
time 
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Kmctic studico w'ere jmually pcrrumicd io evaiuaie the radioincoipoiation. and 
binding of the '"Y-labeled antibody (Y2B8) Mowing labeling reactions perfomed 
Tinder varying conditions of pH and reaction time. For radiolabeling reactions in 
the range of pH 3.9 to 4.7 at an nicubation time of 5 min, radioincoiporation was 
>96% with > 80% rrtention of bmding to CD20-positive cells (Table 2). Similar 
results were obtahied for incubation times of 3 , 5, and 10 min for the range of pH 
2.9 to 4.6 (Table 3). 

Table 2. Y2B8 Radiolabeliiig Kinetics: Effect of pH on Radioincorporation 
and Binding to GDZO-PositiTe Cells^ 



Reaction pEt Radioincnrpnration (%\ RinHinp (%) 



3- 9 98.4 80.7 

4- 2 97.8 81.0 
4.4 96.1 80.0 
4.6 97.0 80.2 

15 4.7 97.4 80.6 



Table 3. Y2B8 Radiolabeling liin^cs: Effect of Incubation Time on 
Radioincorporation and Binding to CD20-Positive Cells^ 

Incnbation Time rmin^ Bjnlioinrnmoratioii (%) R indinff r% ) 



PH3.9: 3 97.0 82.0 

20 5 98.9 82.1 

10 99.2 82.3 

PH4.7: 3 97.2 82.5 

5 96.7 81.8 

10 97.6 81.5 
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' The labeling reaction results and paranieter evaluation studies reported in 
Tables 2 and 3 were performed with 2B8 daived fiom a CHO cell e:q)ression 
systan; The MX-DTPA conjugate was prq)ared using a protocol similar to that 
5 used for tile previously characterized 2B849. Reactions were perfonned using 
approximately 3 mg of antibody and a 4: 1 molar ratio of chelator to antibody as 

desCTibed in coKjvmed, copending Application Serial No. 09/ , concurrently 

filed and hexem. incorporated by reference. 

Imnjimoreactivities for Y2B8 preparations weare determined using the 
10 method of Lmdmoetal. Increasmg amounts of freshly harvested CD20-positive 
SB cells were incubated with a fixed amount of Y2B8 under conditions of antigen 
excess. Reciprocal plot analysis of the bmdmg data showed an immunoreactivity 
of 72.2% for Y2B8 following one trial preparation (Rgore 1). 

Example 3. Evaluation of further reiaction param^ers 
15 I. Introdnction 

Experiments described in this section examine the nnpact of protocol 
deviations on die binding of Y2B8 prepared using the Y2B8 Radiolabeling Kit. 
Bmding of a radiolabeled antibody may be affected by several parameters during 
the radiolabeling process (Table 4). 



20 Table 4 



Radiolabeling Gt Deviation 


Predicted Effect on 
Labeling Conditions 


Predicted 
Effect on 
Binding 


1.) Adding Excess Volume of ^ 


decrease pH; 
increase radiolysis 


decrease 


2.) Adding Less Volmne of ^ 


no change in pH; 
decrease radiolysis 


increase or 
none 
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5 



3.) Adding Excess Volume nf NaAc 


deCTease radiolysis 


mcrcoSc or 
none 


4.) Adding Less Volume of NaAc 


decrease pH; 
increase radiolysis 


decrease . 


5.) Adding Excess Volume of 2B8- 
MX-DTPA 


no change in pH; 
decrease radiolysis 
Cower specific 
activity) 


increase 


6.) Adding Less Volume of 2B8-MX- 
DTPA 


no change inpH; 
increase radiolysis 
(higher specific 
activity) 


decrease 


7.) iacabadng >5min. 


increase radiolysis 


decrease 


8.) Incubating <5n±i. 


decrease radiolysis 


increase or 
none 



The following deviations from the radiolabeling protocol were idratified as 
10 those most likely to have a negative inq)act on bmding, and included: 1 .) addition 
of a lesser volume of sodium acetate 2.) addition of excess "Y chloride solution 
3.) addition of a lesser volume of 2B8-MX DTPA and 4.) exceeding the maximum 
reaction incubation time. The impact of these deviations was evaluated separately 
and simultaneously. 

15 When evalnated separately, 20 % vohune deviations in items 1 - 3 above 

resulted in IDEC-Y2B8 passing the release specification established for binding in 
the clinical trial, even when incubated for 8 mm. In a study where all three 
volnme deviations (1 - 3 above) were made sunultaneously, only doses prepared 
using a Monday labelmg protocol (potentially the most radiolytic) and incubated 

20 for 8 mm. (60 % longer than normal) were marginally below ( < 3 %) the clinical 
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release soecification. In contraRt, doswi nrpinarpH nCTTIfT O TJ'Tll^OTr llVloliTirr -nfn-t-rsrk^t 

• # X J- — —— — ■* MAWWAUg ^A^WfcVWWA 

maintained acceptable binding results, despite the cnnmlative effects of deviations 
in aD four param^ers (1-4 above). For aH deviatirais, sqjarately and 
collectivdy, radioincoiporatiott was above the clinical release specification of 
5 95%. 



n. Choice of P aramRtPTg . 

We decided tiiat a 20 % deviation from tiw required reagent volmnes, or 
allowing the reaction time to exceed by 30% the maxinmm 6 min. used normally, 
represented potentially extreme deviations from the protocol used in the 

10 radiopharmacy. In diis study we evahiate the inpact of these deviations on flie 
bindmg of IDEC-Y2B8. We siranlaiEd "Monday" and "Friday" labdings to 
insure that the conditions evaluated rq>resented extremes of dose preparation for 
the entire week. We also evahiated the combined effect on binding when all 
deviations occur in a single dose preparation, and die mqjact of these deviations on 

15 racUoincorporation of the **Y. 

"Monday" and "Friday" labelmgs are a reflection of tbe concept fliat, since 
the "Y chloride sohtion has a short half-life (64 hr), the volume of flie 
radioisotope used depends on die day ofthe week a dose is prepared. Fortius 
reason, die reaction volume for a dose prepared on a Monday is smallH, resulting 

20 in higher a *Y concentration, possibly resulting in greater radiolysis. Therefore, 
we simulated Monday and Friday labeling procedures to insure fliat the conditions 
evaluated represented extremes of dose preparation for the entire week 

m. Materials and Methods 
A. Reagents 

25 1. "YClj in 0.05 M HCL; Pacific Northwest National Laboratory, reagent 
grade; P.0.# 08016, 08118 
2. Ultrex HCL; J.T. Baker, Product^ 6900, Lot# J22539 
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3. Sterile Water for Irrigation; Baxter. Pait# 2F7114. Lot# G924092 

4. Dilutioa BnfEa:; contains 10 mM phosplute buffered saline, pH 7.4, 1 % 
BSA; Sigma, Parl# P-3688, Lot# 076H8913 

5. IDEC SiqipKed Radiolabeling BQt; IDEC Part# 130018, Lot# 0129. 
S containing the following: 

a. ) 2B8-MX-DTPA;IDECParl# 129017, Loi# 0165 

b. ) 50 mM Sodinm Acetate; IDEC Part# 121017. Lot# 0209A 

c. ) Formulation Buffer; IDEC Part# 120015, Lot# 0202 

d. ) Reaction Vial; IDEC Part# 122015, Lot# 0218 
.0 6. Lyophilized SB Cdls, IDEC Part# 127, Lotf 127-OOlF 



B. Materials arid Egnipnifint 

1. P^jettors (20, 200 and 1000 gL) 

2. Vortexer 

3. Metal-Free Pipette Tq>s (Biorad; metal-free) 

4. Gamma Counter (Isodata, Mode]# 20-10) 

5. Glass Tubes (12X75 mm) 

6. Polypropylene Tubes (Costar; 15 mL and 50 mL conical, sterile) 

7. Tec-Control Radiochromatographic Kit (Biodex; Cal# 151-770) 

8. Microcentrifuge (Savant) 

9. Polypropylene microfuge tubes, metal-free (Biorad; Cafi? 223-9480) 

C. Mefliods 

1- Preparation of 

In general, »Y-labeled 2B8-MX-DTPA was prepared using a smaB-scale 
version of die radiolabeling kit protocol described above as modified by the 
changes described below. Radiolabelmg was performed using »Y chloride stock 
concentrations of 84 mCi/mL or 29.8 mCi/mL to simulate, respectively, Monday 
or Friday dose preparations (based on a Wednesday calibration of 50 mCi/mL). 
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The concentrated '^^Y chlnnrift snliitinTi tiwc rfntTtAH no'ir%tT <n TTr*i rrm 

— *«i4iiii ^ uufx xxv^i y^uiuwA., 

high-purily) in plastic "metal-free" microfuge tubes. The Ultrex (high-puriiy) HQ 
was dilated to 50 mM with Sterile Water for Irrigation (SWH). Radiolabding 
reactions woe performed m plastic "metalfiee" microfage tubes, 15 mL conical 

5 tubes, or 10 mL glass sq)tum Reaction Vial provided in the Y2B8RadioIabeling 
Kit 

a. .Snian-.Sp.ale Ubelin^ tn Pr edict Pall-Scalft Dose Prep ararinng 
Radiolabeling reactions of 1, 3, 10. and 40 mCi were performed using 
reaction conditions sinmlating a Monday dose preparation. Reagent volumes in 
10 mLs for each reaction are summarized in Table 5 . 

Table 5. Volume of Reagents (mL) 
Amount (mCi) '^Chloride Sodium Acetate 2B8-MX-DTPA 





1 


0.0119 


0.0143 


0.0333 




3 


0.0357 


0.0429 


0.0998 


15 


10 


0.119 


0.143 


0.333 




40 


0.476 


0.571 


1.33 



After a 5 min. incubation, 20 fjL samples were removed and diluted with 
Formulation buffer to a final antibody concentration of 0.21 mg/mL and stored at 
2-8 ° C mitil assayed. Binding values were normalized to tiie 1 mCi reaction 
20 because 1 mCi reactions were used as controls in all subsequent ejq)eriments 
described in tiiis report. Values reported were normalized to the 1 mCi control 
sample by dividing the bindkg value for each reaction by the binding value for the 
control, e;q>ressed as a percentage. 
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For a Monday labeling. 10 mCi of «Y chloride (0.119 mL) was mixed with 
0.114 mL of 50 mM sodium acetate. This volume of 50 mM sodium acetate 
lepresents a 20% decrease in the amount of buffer normally used to prepare 

5 clinical doses of n)EC-Y2B8. ConiugaiEdantibody(2B8-MX-DTPA) was added 
(0.333 mL), the mipls mixed and flien incubated at ambient temparalure. 
Spedfic activity of Ifae radiolabding solution was 18.9 mCi/mg antibody. At 2 
min., 0.020 mL was removed, fomralated to 0.24 mg/mL with formulation buffer, 
and stored at 2-8" C. The remaindar of the radiolabeling solution was formtilated, 

10 after 8 min., to 0.24 mg/mL and stared at 2-8° C. The protocol was repeated to 
simulate a Friday labeling, using 0.336 mL of »Y chloride, 0.323 mL of sodium 
acetate, and 0.333 mL of 2B8-MX-DTPA. For bofli sttdies, tbe 1 mCi control 
reaction was perfiormed using the "standard" conditions described above (5 min. 
reaction). 

15 C. Tmpant nf Arir^ jng Excess Vnlnme of ^ fTilnri/^ P 

For a Monday labeling, 12 mCi of »Y chloride (0.143 mL) mijced with 
0.143 mL of 50 mM sodhmi acetate. This volume of "Y represents a 20% 
increase in the amount of '"Y required for a ^ical dose preparation of Y2B8. 
Conjugated antflxxty was added and the sample solution mixed and mcubated at 

20 ambimt tMiq)eratare. The final specific activity was 22.5 mCi/mg antibody. At 2 
mm,, 0.020 mL was removed, formulated to 0.24 mg/mL witli formulation buffer, 
and stored at 2-8° C. After 8 min., the remainder of the radiolabeling solution was 
formulated to 0.24 mg/mL and stored at 2-8' C. Friday labeling was performed 
similarly using 0.403 mL of "Y chloride, 0.403 mL of 50 mM sodium acetate, 

25 and 0.333 mL of 2B8-MX-DTPA (specific activity 22.5 mCi/mg antibody). For 
both studies, a 1 mCi control reaction was performed usmg the "standard" 
conditions described above (5 min. reaction). 
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d. Impact of Adding Less Vnli mie of Antibody CoT^hip fe 

For a Monday labeling, 10 mCi of ^ cUoride (0,119 mL) was mixed with 
0.143 mL 50 mM sodium acetate. Conjugated antftody (0.267 mL) was added, 
representing 20 % less antibody than normaQy used, the solution nuxed and 

5 incubated at ambient teniperature. At 2 and 8 mm., 0.020 mL was removed, 
formulated with Formulation buffer to a final antibody concentration of 0.21 
mg/mL, and stored at 2-8*' C until assayed. A Friday labeling was performed 
similarly using 0.336 mL ^ chloride, 0.403 mL of 50 mM sodimn acetate, and 
0.27 mL conjugate. For both studies, a 1 mCi control reaction was performed 

10 using the "standard" conditions described above (5 min. reaction). 

e. toact of Combined Reagen t Deviations 

The impact of a 20% deviation in volmne of sodium ac^, ^ chloride, 
and conjugate was assessed sinmltaneously for a Monday or a Friday labeling 
protocol. For a Monday labeling, 12 mCi of *Y (0.143 mL) was mixed with 

15 0. 114 mL 50 mM sodium acetate, representing a 20% increase in the amount of 
^ chloride and a 20% decrease m the amount of sodium acetate normally used. 
2B8-MX-DTPA (0.267 mL), rqjresendng 20% less antibody than normally used, 
was added and the reaction mixture incubated at ambient temperature. At 2, 4, 6, 
and 8 min., 0.020 mL was removed from the reaction mixture, formulated witii 

20 Formulation bufier to a final antibody concentration of 0.21 mg/mL, and stored at 
2-8'' C until assayed. Friday labeling was performed similarly using 0.403 mL ^ 
chloride, 0.387 mL of sodium acetate, and 0.267 mL.of conjugate; 40 )xL samples 
were removed at the indicated times and fomiulated with Fommlation buffer. For 
both studies, a 1 mCi control reaction was performed using the "standard" 

25 conditions described above (5 mm. reaction). 



2. Determination of Radioincorpnrfltinn 
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Ths ss:io^Jst of radiOaCtiVuy assocmcd wliii ihe conjugates was detOTuned 
according to the assay described above, using the coimnercially available kit 
manufectnred by Biodex (Tec-Control RadiochromatograpMc Kit). In general, 0.5 
- 1 /iL sanqjles were appM. to duplicate strips using a inicropq)etter and 
developed according to the Biodex mstructional insert. Sti^ halves were counted 
for radioacdvity m glass tubes using an bodata gamma counter with window to 
100 - 1000 KeV. The radiolabel incorporation was calculated by dividing the 
amount of radioactivity in the top half of the strip by the total radioactivity found 
in both top and bottom halves. This vahie was e3q)ressed as a percentage and the 
mean value determined. 

Sanq^les were analyzed for percent bindhig to CD20 positive cells 
following the protocol described above. However, the negative control HSB Cell 
samples were not mcluded m these experiments, and the SB Cells were lyophilized 
in 5 mL vials instead of microfuge tubes. 

Essentially, all final formulated Y2B8 samples were diluted 1 : 100 with 
DUution buffer (10.0 andbody -h 990 i/zL buffer). Tlie antibody was 
subsequenfly diluted again to an approximate concentration ranging of 8 ng/mL by 
addmg 35 /iL of the 1:100 dilution to 10 mL of dilution buffer m a 50 mL 
polypropylene tube. 

Sue to seven vials of lyophilized cells were reconstituted with SWFI and 
pooled in a 50 mL conical tube. Reconstrtiited cells (0,5 mL) were then aliquoted 
out in triplicate mto fluree 1.5 mL microfuge tubes, three tubes per sample being 
tested. Dilution buffer (0.5 mL) was added to three enq)ty microfuge tubes. 
Diluted antibody (0.5 mL) was added to each tube, capped tightty, and mcubated 
at ambient temperature for 45 min. widi end-over-end mixing. After incubation, 
cells were pelleted by centrifugation for 5 min. at a setting of "6" (4000 X g) using 
a Savant microcentrifuge. Supematants from the samples (0.75 mL) were 
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traTiRferrefl tn 1 2 Y 7^ mm vlocc h^\^M> -fn^ ^^yAi^m^^, _ t 

gamma coxmter with energy window settings of 100 - 1000 KeV. 

Radioactivity bound (B) to cells was calcnlated by subtracting the unbound 
radioactivity (supernatant) from die total radioactivity added. Total radioactivity 
was determined from the radioactivity counted in the tubes witiiout cells. Percent 
binding was calculated by expressmg tiie bound radioactivity as apercentage of flife 
total. 

To minimize die efifect of lot-to-lot 'variability of lyophilized cells used to 
assess binding, binding values were normalized to 1 mCi Y2B8 controls prepared 
using "standard" labeling conditions. Control sanq>Ies were pr^, as stated 
earlier in liiis section, for eadi set of experiments. 



D. 



1. Sroall-Scale Lahelinfr to Predirt Pii]1-<;ra ie Dase PrRp aratin,ic 

To insure that small-scale radiolabeling reactions were predictive of full- 
scale (40 mCO dose preparations, 1, 3. 10, and 40mCi Y2B8 doses were 
prepared using tiie radiolabeling protocols described above. These results are 
shown in Table 6 and demonstrate tiiat increasmg the scale of flie reaction mixture 
from 1 mCi to 40 mCi dose not adversely affect binding or radioincorporation. 

Table 6 



20 



25 



Amount of *YmCi 


% of Control Bkiding 


% Radioincorporation 


1 


100 


99.2 


3 


102 


99.1 


10 


98.6 


99.0 


40 


98.2 


99.0 
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2- Inroact of Adding Less VnTn me of Sndhm^ A '-'^^t'' 

Whai Y2B8 was prepared using 20% less volume of 50 mM sodium 
acetate, and extending the incubation time by 60%, substantial binding was 
retained, con^jared to the radiolabeled antibody prepared following "standard" 
5 labeling conditions (Table 7 below). Even when the labeling leaction was 
performed using Monday labeling conditions, > 89% of the control binding w 
retained. Shnilar results were obtained for a Friday dose preparation. These 
deviations did not impact radioincorporaiian, regardless of the day the dose wa 
prq)ared. 



10 3. Inroact of Adding Ktcrss Vnhrjns of »Yttrinp^ nrltnilfr 

When Y2B8 was prepared using a 20% excess volume of ^ diloride, m 
combination with an incubation time 60% longer than diat used normally, 
substantial bmding was retamed, when compared to the control prepared according 
to "standard" labeling condifions (Table 7 below). When the labeling reaction was 

15 increased to 8 min., bindmg still remained > 90%, relative to the control, for 
either a Monday or a Friday dose preparation. Adding 20% more volume of ^ 
chloride did not hnpact radioincorporation, regardless of the day the dose was 
prepared. 



4- fcroact of Adding Less Vol ume of Ant^ ty iy Cnnj niratft 

When Y2B8 was prqiared using a 20% less volume of the conjugate (2B8- 
MX-DTPA), and extending the mcubation time by 60 % .binding was not 
significanfly affected, compared to Y2B8 prqared accordmg to "standard" 
labeling conditions (Table 7 below). Adding 20% less vohnne of conjugate did not 
impact radioincorporation, regardless of the day the dose was prq)ared. 
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Monday Dose PitpaiatiQif 


Friday Dose Prcparatiorf' 




Labding Deviation 


% of Binding 
Control 


% 

Badioincorporatioa 


% of Binding 
Control'* 


% 

Radioincoiporation 


5 


1. ) 20% Less 

. Volume of 
Sodium Acetate 

2. ) 60% Increase in 

ncacQon inne 
(Smin.) 


89.4 


99.1 


92J 


98.7 


10 


1.) 20%Exass_ 
Volume of ^ 












2.) 60% I[£reasc in 
ReacdoaTune 
(Smin.) 


90.6 


99.1 


91.8 


98.6 


15 


1. ) 20% Less 

Vohmieof 
Amibody 

2. ) 60% Increase in 

ReacdonTime 
(Smin.) 


98.9 


99.0 


98.7 


98.6 



• For a Monday dose prqmation, tile a)nceDtration of 17 mCi/mL; tbe **Y 

coDCCDtratioa for a Friday labeling is 8 mCi/mL 

Binding values noimalized to labeled antibody prepared according to clinical dose protocol {KSBR-005) 
using "standard" reagent volumes and a 5 mio. reaction time. 



5. Impact of Combmed Reage nt Deviatinns 

25 When Y2B8 was prepared using a protocol in whicli all four deviations were 

made simultaneously, binding was still substandally maintained, compared to the 
radiolabeled antibody prepared using "standard" labeling conditions (Table 8 
below). Binding was still > 83%, even when a Monday preparation was 
incubated for 30% longer than the maTriTnnm 6 min. used normally. 

30 Radioracorporation was not affected significantly by these cumulative deviations, 
even after an 8 min. incubation time, regardless of the day the dose was prepared. 
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TableS 






Monday Dose Preparation 




Labeling Time (min.) 


% 01 Bmoing Control 


%Radioiiicoipojration 


2 


97.6 




4 


93.7 




6 


89.5 




8 


83.2 






Friday Dose Preparation 




Labeling Time (min) 


% of Binding Control 


% Radioijicoii)oncdon 


2 


98.6 


99.0^ 


4 


98.5 




6 


. 96.0 




8 


92.1 







V. Discussion 

To reduce radiation e^osure to operators, smaDer labeling reactions ^rarC 
evaluated instead of full-scale dose preparations. Therefore, we verified! 
1 mCi and 10 mCi labelings, evaluated in this study, were predictive of j 
40 mCi preparations. Results demonstrated no significant differences in^^Eg 
and radioincorporation over a range of 1 mCi to 40 mCi. 

We decided that 20% volmne errors for sodiom acetate, ^ chloride| 
conjugated antibody represented potentially extreme deviations in the r adio^idin g 
protocol. Additionally incubating for 8 min. (3 min. longer than non^^^^^^ 
viewed as a significant protocol deviation. In general, due to the short half life of 
^ chloride, the volume of radioisotope will differ depending on the day, j^^e 
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dose preparaiion. Thererore, ejqperiments describea in this report were perfbnned 
using ^ chloride at concentrations representative of both Monday and Friday to 
represent the full range of possible dose preparation., 

Y2B8 doses prepared using 20 % lesser votame of sodium acetate, and 
5 incubated for 8 miri. retained significant bindmg (> 89%) reladve to the standard" 
labeling conditions. Snnilar results were obtained for doses prepared Monday or 
Friday, This deviation in so(fiuni acetate vohime did not affect radioincorporadon. 

Adding 7Q% more vohime of ^ chloride, and incubatmg for up to 8 nun., 
reduced bmding, relative to standard dose preparation conditions, for bodi Monday 
10 andFriday. However, binding was stin> 90%, which is above the normalized 
release specification. Bmdmg was marginally better for a Friday dose preparation. 
Radioincorporation was not significanfly affected by the mcreased volnme of ^ 
chloride. 

To evaluate the imp?i£t of making simultaneously all volume deviations, 
15 Monday and Friday doses were prepared con^aring 2, 4, 6, and 8 min. mcubation 
times. Only when Y2B8 was prepared on a Monday, usmg an 8 min. racubation 
tune, does the binding marginally fail to meet the normalized specification (83.2% 
compared to the normalized release specification of 86.3 %). 
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Tfc -1? 

xvcicicucca 



Each of the following citations is herein incorporated by reference: 
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What is Ciaimed: 

1 . A method for radiolabeling a chelator-con}ugated protein or peptide with a 
thorapeutic radioisotope far administratioii to a patient corcqjrising 

(i) mixmg the chelator-conjugated protein or peptide widi a solution 
5 con^rising the radioisotope or a salt thereof, and 

(ii) incubating the mixtore for a sufiBcient amount of time under amiable 
conditions such that a radiolabeled protein or pqjtide having sufficient purity, 
specific activity and binding specificity is achieved such that the radiolabeled 
antibody may be administered direcdy to the patiait without further purification. 

10 2. The method of claim 1, wherein said ther^eutic radioisotope is selected 
firom the group consisting of a^)ha and beta emitters. 

3 . The method of claim 2, wherein said ther^eutic radioisotope is a beta 
emitter. 

4. The method of clann3, wherein said beta emitter is 

15 5. The method of claun 1, wherein said protem is an antibody or antibody 
fragment. 

6. The method of claim 4, wherem said sufficient incubation time is less than 
about eight minutes. 

7 . The method of clahn 6, wherein said sufficient mcubation time is between 
20 about two to about five mhmtes. 
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8. lUe memod of claim 1, wherein said chelator is a bifunctional chelator 
selected from the group consisting of MX-DTPA, phenyl-DTPA, benzyl-DTPA, 
CHX-DTPA, DOTA and derivatives thereof. 

9. The method of claim 8, wherem said chelator is MX-DTPA. 

5 10. The method of daim 4 wherein said amiable conditions refer to acceptable 
ten5)erature, pH and buflfer conditions. 

1.1 . The method of daim 10, wherein said acceptable temperature ranges from 
about 25°C to about 43X. 

12. The method of claim 10, wherein said acceptable pH ranges from about 3.0 
10 to about 6.0. 

13 . The method of claim 10, wherein said acceptable buffer is an acetate 
buffer. 

14. The method of claim 13, wherem said buffer is sodium acetate is at a 
concentration of between about 10 and about 1000 mM. 

15 15 . The method of claim 10, where said acceptable buffer includes a benign 
radioprotectant, 

16. The method of claim 15, wherein said benign radioprotectant is ascorbate. 

17. The method of clann 1, wherein a level of radioincoiporation of at least 
about 95% is achieved. 
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18. The method of claim 1, wherein said binding specificity is at least 70% . 

19. The method of claim 5, wherein the antibody is labeled to a specific 
activity of at least 5 mCi/mg. 

20. A kit for radiolabeling a chelator-conjugated protem or peptide wiflt a 
5 therapeutic radioisotope for administration to a patient conqjiising 

(i) a vial containing chelator-conjugated protein or peptide in an 
^propriate buffo, 

(ii) a vial containing fmnmlation buffer for stabilizmg and 
administering the radiolabeled antibody to a patient, and 

10 (iii) instructions for perforaiing the radiolabeling procedure, such that 

when flie chelator-conjugated protein or peptide is exposed to tiie radioisotope or a 
salt thereof for a sufficient amount of time under amiable conditions as 
recommended in said instructions, a radiolabeled protein or peptide having 
sufBcient purity, specific activity and binding specificity is achieved such that the 

15 radiolabeled antibody may be dihited to an appropriate concentration in said 
formulation bufier and administered dhrecdy to the patient witiiout further 
purification. 

21 . The kit of clahn 20, wherem said therapeutic radioisotope is an alpha or 
beta emitting radioisotope. 

20 22. The kit of claim 21, wherein said therapeutic radioisotope is a beta emitter. 
23. The kit of claim 22, wherein said beta emitter is 



24. The kit of dann 20, wherein said protein is an antibody or antibody 
fragment. 
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25, The kit of claim 23, wherein said sufficient incubation time is less Hm 
about eight minutes. 

26 . The kit of claim 25, wherein said sufficient incubation time is between 
about two to about five minntes. 

5 27. The kit of claim 20, ^erehi said chdator is a bifimctional chelators^ 
from the group consisting of MX-DTPA, phenyl-DTPA, benzyl-DTPA, CHX- 
DTPA. DOTA and derivatives thereof. 

28 . The kit of claim 27, whereia said chelator is MX-DTPA. 

29 . The kit of claim 20 wherein said amiable conditions refer to acceptable 
10 temperature, pH and bufer conditions. 

30. The kit of claim 29, herein said acceptable ten^jerature ranges from about 
25X to about 43°C. 

31. The kit of claim 29, wherein said acceptable pH ranges from about 3 .0 to 
about 6.0. 

15 32. The kit of claim 29, wherein said acceptable buffer is an acetate buffer. 

33 . The kit of claim 32, wherein said buffer is sodium acetate is at a 
concentration of between about 10 and about 1000 mM. 

34 , The kit of claim 29, where said acceptable buffer includes a benign 
radioprotectant. 
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35 . iJie Jdt of ciam M, wherein said beniga radioprotectant is ascorbate. 

36. The kit of claim 20, wherein a level of radioincoiporatioa of at least about 
95% is achieved. 

37. The lot of clann 20, wherein said binding specificity is at least 70 

5 38. Theldt of clann 23, wherein the anfeody is labeled to a specific actiW 
atleastSmCi/mg. 

39 , The kit of clann 20 fmther comprising a vial of sterile buffer for adjusting 
the pH of the radioisotope. 

40. Theldt of clahn 39 wherein said vial conqjrises an acetate bufier. 

10 4L The kit of claim 20, wherein said formulation buffer contains physiological 
saline, a radioprotectant, and xmconjugated chelator. 

42. The kit of claim 41, wherein the radioprotectant is selected from the group 
consisting of hxnnan serum albumin (HSA), ascorbate, ascorbic acid, phenol, 
sulfites, glutathione, cysteine, gentisic acid, nicotinic acid, ascorbyl pahnitate, 

15 HOP(:0)Hj, glycerol, sodmm formaldehyde sulfoxylate, H^S^O^, Na^SjOj, and 

43 . The kit of claim 42 wherein the radioprotectant is ascorbate. 

44. The kit of claim 43 wherein the concentration of ascorbate is about 1 to 100 
mg/mL. 



wo 00/52031 



PCT/USOO/05078 



^5- 

_.i i_ At. • ^ lit, . . 

-T»/, MM \jL wKum T-fi# wiiCiClU LUC UiiUJUJugiUCU CilCIULUI JJiJTA. 

46. The kit of daim 45 wherein the concentration of DTPA is abont 1 mM. 

47. The lot of claim 20 further conqjrising a reason vial. 

48. The kit of daim 20 further comprismg a vial of radioisotope. 
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FIG. 1A 

Binding of Y2B8 to CD20-Positive Cells 
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FIG. 1B 

Binding of Y2B8 to CD20-Positive Cells 
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